











































































































































































































































































































































































Table 1. Summary of participant characteristics at baseline (T0).  
  Characteristics Intervention Group (N=72) 
Mean (SD)




       Females                                   45 47
       Males 27 27 1
Age 19.9 (1.83) 19.84 (1.76) .83
DASS-21 Anxiety 15.39 (6.68) 14.46 (7.23) .42





























Table 2.  Summary of the Linear Mixed Model on STAI-S-6 scores over the four time 
points in the intervention and wait-list control groups.	
Predictors Estimates CI p
(Intercept) 53.61 47.07	–	60.15 <.001
Group -1.90 -5.99	–	2.19 .36
T	1	-	2	weeks -6.35 -12.87	–	0.17 .06
T	2	-	4	weeks -12.25 -18.90	–	-5.59 <.001
T	3	-	6	weeks -11.32 -17.84	–	-4.81 .001











Group:TimeT2 7.09 2.94	–	11.24 .001









Marginal R2 / Conditional R2 0.037	/	0.879
                                            Intervention                                  Wait-list control
Time Mean (SD) T-test Effect 
size
Mean(SD) T-test Effect 
size
T0 - Baseline 51.71(10.78) 49.81(10.96)
T1 - Week 2 - - - - - -





T3 - Week 6 44.95(12.52) t(58)=4.35 
p<.001  
d=0.81 47.61(13.29) t(63)=1.542 
p=.13
d=0.27
Table 3.  Mean, SD and planned comparisons on STAI-S-6 scores over the duration of 
the study (T0, T1, T2 and T3) in the intervention and wait-list control groups. 
 













Table 4.  Summary of the Linear Mixed Model on WEMWBS scores over the four time 
points in the intervention and wait-list control groups.	
Predictors Estimates CI p
(Intercept) 36.40 31.65	–	41.16 <.001
Group 2.07 -0.90	–	5.04 .17
T	1	-	2	weeks 2.69 -1.25	–	6.64 .18
T	2	-	4	weeks 7.41 3.38	–	11.44 <.001
T	3	-	6	weeks 8.94 4.99	–	12.88 <.001
Group:TimeT1 -1.57 -4.05	–	0.90 .21
Group:TimeT2 -3.96 -6.47	–	-1.45 .002





























Marginal R2 / Conditional R2 0.029 / 0.794
                                            Intervention                                  Wait-list control
Time Mean (SD) T-test Effect 
size
Mean(SD) T-test Effect 
size
T0 - Baseline 38.47(7.54) 40.55(7.76)
T1 - Week 2 - - - - - -










Table 5.  Mean, SD and planned comparisons on WEMWBS scores over the duration of 
the study (T0, T1, T2 and T3) in the intervention and wait-list control groups. 
 








Table 6.  Summary of the Linear Mixed Model on PHQ-9 scores over the duration of the 
intervention (T0, T1 and T2) in the intervention and wait-list control groups.	
Predictors Estimates CI p
(Intercept) 12.65 9.73	–	15.58 <.001
Group -0.87 -2.70	–	0.95 .35
T	1	-	2	weeks -1.34 -3.53	–	0.84 .23
T	2	-	4	weeks -4.91 -7.15	–	-2.67 <.001
Group:TimeT1 0.46 -0.90	–	1.83 .51




























                                            Intervention                                  Wait-list control
Time Mean (SD) T-test Effect 
size
Mean(SD) T-test Effect 
size
T0 - Baseline 11.78(5.2) 10.91(4.93)
T1 - Week 2 - - - - - -





Table 7.  Mean, SD and planned comparisons on PHQ-9 scores over the duration of the 
intervention (T0, T1 and T2) in the intervention and wait-list control groups. 
 
                               PHQ-9 - planned comparisons
16
reported	levels	of	anxiety	were	signi_icantly	reduced	in	the	intervention	group	after	
4-weeks	of	app	usage.	This	_inding	is	in	line	with	results	from	previous	studies	using	
digital	interventions	in	both	student	[23]	and	non-student	[32]	populations.	As	
mentioned	in	the	Introduction,	Huberty	and	colleagues	[23]	found	that	the	mobile	
application	Calm,	consisting	of	a	guided	mindfulness	meditation	programme,	was	
effective	in	reducing	stress	levels	among	university	students.	In	contrast	to	the	
Biobase	4-weeks	programme	of	5	mins	a	day	however,	the	Calm	intervention	was	an	
8-week	programme,	requiring	participants	to	_irst	complete	a	1-week	course	and	
then	actively	engage	with	the	therapeutic	content	for	at	least	10	minutes	a	day.	The	
ef_icacy	of	the	Biobase	programme	despite	the	reduced	‘dosage’	may	be	related	to	
the	nature	of	the	BioBase	programme:	the	therapeutic	content	is	only	one	aspect	of	
the	hypothesised	factors	at	play	in	anxiety	reduction.	Interactions	with	the	app	
dashboard	(showing	participants	their	levels	of	activity,	sleep	quality,	mood	
declarations	over	time	and	heart-rate),	as	well	as	usage	of	the	tools,	are	
hypothesized	to	be	causally	ef_icacious	in	addition	to	the	traditional	therapeutic	
content.	Future	studies	using	BioBase	could	shed	light	on	the	individual	contribution	
of	each	of	these	aspects	in	reducing	anxiety	levels.	
These	results	are	also	in	line	with	previous	_indings[38],	suggesting	a	
signi_icant	reduction	in	anxiety	following	a	4-week	intervention	with	the	BioBase	
programme	in	a	sample	of	full-time	employees.	However,	in	this	previous	study,	the	
effect	of	the	intervention	was	not	assessed	beyond	the	end	of	the	programme.	In	the	
current	study,	we	showed	that	the	effect	of	the	intervention	persisted	for	two	weeks	
following	the	end	of	the	programme.	This	result,	in	line	with	previous	research	[23],	
highlights	the	ef_icacy	of	mobile	applications	to	reduce	stress	and	anxiety	over	time,	
and	their	potential	to	supplement	existing	therapeutic	support	[18,27,29,30].	Future	
studies	should	investigate	the	extent	to	which	these	effects	persist	over	longer	
timeframes,	with	the	aim	of	identifying	optimal	guidelines	for	engagement	to	
maximise	outcomes.			
A	secondary	hypothesis	was	that	reduction	in	anxiety	would	be	present	
following	2-weeks	of	enrollment	in	the	BioBase	programme	in	the	intervention	
group	(but	not	in	the	wait-list	control	group).	However,	we	did	not	_ind	evidence	of	
ef_icacy	at	2-weeks.	This	_inding	is	in	contrast	with	a	previous	study	conducted	in	
the	young	adult	population	[32],	using	a	CBT-based	intervention	to	reduce	anxiety	
and	depression,	which	found	signi_icant	results	following	a	2-weeks	long	
interactions	with	a	web-based	conversational	agent.	Nevertheless,	the	current	study	
signi_icantly	differed	in	both	methods	of	delivery	(app	vs	web-based)	as	well	as	type	
of	intervention.	Whilst	Fitzpatrick	and	colleagues	employed	a	daily	intervention,	
comprising	speci_ic	time	windows	of	interaction	with	the	therapeutic	content,	the	
current	study	had	a	more	ecological	approach,	with	the	BioBase	programme	being	
available	to	participants	at	all	times	yet	not	being	a	daily	commitment.	Thus,	the	
reason	behind	the	lack	of	ef_icacy	following	a	2-weeks	enrollment	in	the	programme	
may	be	due	to	differences	in	perceived	bene_it	from	the	participants’	perspective,	i.e.	
it	may	be	easier	to	recognise	the	impact	of	a	daily	conversational	intervention	versus	
a	natural,	progressive	engagement	with	a	multidimensional	programme.	Further	
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research,	comparing	different	kinds	of	interventions,	would	be	needed	to	shed	light	
on	these	_indings.	
	 In	terms	of	secondary	outcomes,	it	was	hypothesised	that	perceived	
wellbeing	would	increase	following	a	4-weeks	intervention	with	BioBase	and	that	
this	effect	would	be	sustained	at	follow-up	(6-weeks).	As	predicted,	we	found	that	
participants	in	the	intervention	group	reported	higher	levels	of	perceived	wellbeing	
after	4-weeks,	which	were	still	signi_icant	at	2-weeks	from	the	end	of	the	
intervention.	Nevertheless,	we	also	found	a	main	effect	of	time,	with	levels	of	
perceived	wellbeing	being	higher	at	T2	and	T3,	regardless	of	the	grouping.	Further	
studies	with	single-	or	double-blind	designs	could	investigate	the	impact	of	being	
enrolled	in	a	study	on	perceived	wellbeing.	
Finally,	additional	measures	of	depression	were	obtained	via	the	PHQ-9	
questionnaire	and	DASS-21	Depression	subscale	in	order	to	assess	the	feasibility	of	
the	BioBase	programme	in	reducing	depressive	symptoms.	Results	showed	that	
participants	taking	part	in	the	current	study	reported	lower	depression	levels	after	
4-weeks	of	BioBase	usage	and	sustained	effects	at	follow-up	(as	measured	via	the	
PHQ-9).	Nevertheless,	despite	showing	the	same	pattern	of	reduction,	the	same	
results	were	not	signi_icant	for	the	DASS-21	Depression	subscale.	Such	discrepancy	
may	be	due	to	differences	in	sensitivity	of	the	two	measures,	given	the	focus	on	
periods	of	different	length,	and	further	research	is	needed	to	shed	light	on	these	
_indings.	Furthermore,	given	that	the	trial	was	conducted	in	November-December	
2019,	it	is	possible	that	the	reduction	in	DASS	Depression	scores	observed	in	the	
wait-list	control	group	could	be	due	to	changes	in	university	work	demands,	such	as	
coursework	deadlines	and	exams,	over	this	period.	
This	result	is	nonetheless	particularly	relevant	when	assessing	the	lack	of	
engagement	of	individuals	at	risk	of	suicide	with	established	pathways	of	support.		
Speci_ically,	the	possibility	to	access	a	digital	mental	health	intervention	which	could	
be	ef_icacious	in	reducing	depressive	symptomatology	could	represent	a	novel	
approach	in	students	at	risk	of	suicide	[1,14].	Future	studies	should	speci_ically	
investigate	the	ef_icacy	of	such	intervention	in	a	student	population	with	individuals	
suffering	from	self-reported	depressive	symptoms.		
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Limita8ons	
A	limitation	of	the	current	study	is	the	lack	of	a	blinding	procedure.	As	
mentioned	in	the	Methods,	the	current	study	was	an	unblinded,	randomised	
controlled	trial,	with	participants	in	the	control	group	being	aware	of	the	fact	that	
they	were	not	currently	partaking	in	the	intervention.	This	was	a	consequence	of	the	
type	of	control	group	employed.	However,	both	groups	received	the	same	kind	of	
communications	and	were	prompted	to	respond	to	the	questionnaires	in	the	same	
way.	A	targeted	standardised	email	was	sent	every	week,	with	the	timeline	of	the	
study	and	key	dates	as	a	reminder	to	participants.	Whilst	these	measures	reduced	
the	possibility	that	unblinding	could	in_luence	the	results	of	the	current	study,	future	
studies	should	investigate	the	extent	to	which	being	enrolled	in	an	intervention	
leads	to	improvements	in	anxiety	and	wellbeing	by	employing	a	single-blind	design,	
with	an	information-based	control	group.		
Moreover,	due	to	lack	of	data	on	ethnicity,	or	information	on	the	
characteristics	of	the	students	underusing	mental	health	services,	it	was	not	
possible	to	assess	the	generalizability	of	our	sample.	Further	studies	should	further	
investigate	this,	by	replicating	the	current	study	whilst	controlling	for	these	
variables.		
Furthermore,	in	the	current	study	it	was	not	possible	to	differentiate	the	
effect	of	the	different	components	of	the	BioBase	programme.	Whilst	this	is	a	
characteristic	of	digital	interventions	[60],	future	studies	should	explore	what	
components	of	the	BioBase	programme	are	most	ef_icacious	for	which	individuals.		
Additionally,	the	current	study	targeted	subclinical	levels	of	anxiety,	therefore	
participants	with	a	psychiatric	diagnosis	of	anxiety	were	excluded.	This	decision	was	
made	in	order	to	explore	symptom	reduction	and	wellbeing	increase	without	the	
confounding	factors	of	being	currently	in	treatment	for	anxiety.	It	could	be	the	case,	
however,	that	effect	sizes	were	underestimated	if	BioBase	is	more	ef_icacious	in	
participants	with	higher	anxiety	levels.	Further	research	is	needed	to	better	
understand	the	potential	effects	of	BioBase	in	individuals	with	a	clinical	diagnosis	of	
anxiety	or	stress.	
In	terms	of	the	follow-up	measure,	the	current	study	employed	a	6-weeks	
follow-up,	aimed	at	investigating	sustained	effects	of	the	intervention.	However,	it	
should	be	noted	that	further	research	is	needed	to	explore	long-lasting	effects	of	the	
intervention	(e.g.	8	weeks).	
Finally,	in	the	current	study,	no	speci_ic	criterion	was	used	in	regard	to	app	
usage.	Given	that	we	wanted	to	observe	how	participants	would	naturally	engage	
and	interact	with	the	programme,	there	was	no	strict	indication	nor	control	on	
participants’	way	to	use	the	app.	Nevertheless,	the	majority	of	the	sample	engaged	
with	the	intervention,	with	only	three	people	not	downloading	or	installing	the	app.	
Future	research	could	explore	whether	a	more	controlled	intervention,	with	speci_ic	
engagement	criteria,	could	lead	to	more	ef_icacious	results	whilst	still	maintaining	
ecological	validity.	
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Conclusions	
	 In	the	current	study,	we	showed	that	a	4-weeks	digital	intervention	was	
ef_icacious	in	reducing	anxiety	and	increasing	wellbeing	in	a	student	population	
with	high	levels	of	self-reported	stress	and	anxiety.	These	effects	were	sustained	
after	2-weeks	from	the	end	of	the	intervention,	thus	suggesting	prolonged	ef_icacy	
over	time.	To	the	best	of	our	knowledge,	this	is	the	_irst	study	showing	ef_icacy	of	a	
multidimensional	digital	programme,	comprising	therapeutic	content,	biofeedback	
and	mood-journaling,	in	reducing	anxiety	and	increasing	wellbeing	in	a	student	
population.	These	_indings	are	particularly	relevant	given	the	documented	
preference	of	students	to	self-help,	rather	than	accessing	on-site	facilities,	when	
facing	mental	health	issues.	Furthermore,	the	common	use	of	mobile	phones	makes	
this	type	of	intervention	both	accessible	and	scalable	for	higher	education	
institutions	who	aim	to	extend	the	support	provided	to	their	students	[27].	Future	
research	should	investigate	the	feasibility	of	including	digital	mental	health	
interventions	in	the	existing	therapeutic	pathways,	thus	encouraging	preventative	as	
well	as	intervention-driven	approaches	to	mental	health,	tailored	to	the	needs	of	the	
individuals.			
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